signs of septicaemia in 34% (23/67) of all catheter periods-84% of these were due to coagulase-negative Background. Dialysis catheters are a common cause of nosocomial septicaemia in haemodialysis units-staphylococci.
Introduction
Results. The incidence of septicaemia was 49% (21/43) in patients, and 56% of all cases were caused by Double-lumen central venous catheters used for S.aureus. The mortality was 14% (3/21) and the incidhaemodialysis, are a common cause of septicaemia. ence of severe secondary complications to septicaemia Most cases are caused by staphylococci, of which was 24% (5/31). In all, 80% of all severe complications Staphylococcus aureus is the most pathogenic and and 75% of all deaths from septicaemia were due to known to cause severe complications and even death S.aureus. With respect to S.aureus septicaemia, the [1] [2] [3] . predictive values of positive (P) and negative (N )
The purpose of this work was to study the epidemi-S.aureus cultures were as follows: nasal culture, P= ology and pathogenesis of dialysis catheter-related 36% (10/28), N=90% (35/39); culture from the inserinfections, and to evaluate methods to identify patients tion site, P=72% (13/18), N=98% (48/49); and culwith this type of infection. In this study, patients and ture from the hub, P=75% (3/4), N=83% (52/63).
catheters were studied thoroughly during the period The risk ratio for S.aureus septicaemia was 26. 2 from catheter insertion to removal. (6.1-113), P=0.0001, according to the presence of S.aureus at the insertion site, and 3.3 (0.74-15.1), P= 0.12 according to nasal carriage of S.aureus. The frequency of S.aureus phage-type Group 2 (43%) was much higher than the general frequency of this phage-Subjects and methods type in Denmark, which is about 23%. Catheter blood cultures were positive although there were no clinical In the period between 1 August 1995 and 31 July 1996, 67 newly inserted dialysis catheters (134 when guide-wire changes were included) in 43 haemodialysis patients were S.aureus, and a culture was taken from the skin overlying the insertion site. Once a week, cultures were taken from the insertion site and from the hub, and blood for aerobic and anaerobic culture was drawn from the catheter. If clinical signs of septicaemia occurred, peripheral blood cultures were [4] was rotated in each anterior naris, the swab was transepisodes in 25 catheters ported in Stuart's transport medium [4] , streaked on a mannitol-salt agar plate [4] , and incubated aerobically for 24 h at 35°C, and then at room temperature (for stimulation n Blood cultures of pigment formation), for up to 6 days. Charcoal swabs were also used to obtain cultures from the insertion site and 11
Staphylococcus aureus the hub; these swabs were transported in Stuart's transport Serum Institut, Copenhagen, with the standard bacterio-CNS, coagulase-negative staphylococci. phages of the International Typing Set as described in detail elsewhere [5] . All nasal swabs were obtained by J.N., and all other cultures by nurses in the Department of Nephrology. had a septic shock, one a septic hip joint arthritis/ Apart from blood cultures, all microbiological investigations ostitis, one infection of renal cysts and liver cysts, and were done by J.N. and a single laboratory technician.
the last patient contracted osteomyelitis and spondylitis in the lumbar spine. This last infection was a mixed infection due to Escherichia coli, Klebsiella pneumoniae, Definitions and Enterococcus faecalis, while all the others were Catheter-related septicaemia was defined as positive blood due to S.aureus. In all, seven patients died; three died culture (obtained from the catheter or a peripheral veni-from septicaemia, two of these from S.aureus septipuncture), when the patient had fever (body temperature caemia, and one from septicaemia due to coagulase->38°C ), or shivers, or abrupt fall in blood pressure requiring negative staphylococci.
pressor supports or rapid infusions, when no other infection was apparent. culture: P=36%, N=90%; culture from the insertion site: P=72%, N=98%; culture from the hub: P=75%, N=83%; and blood drawn from the catheter: P=75%,
Staphylococcus aureus septicaemia

Results
N=78%
. If cultures from the nose and insertion site are combined, the positive predictive value remains A total of 63 catheters were non-tunnelled and four low but the negative predictive value is 100% ( Table 6) . catheters were tunnelled. Local haematoma complic-
The phage-type distribution among the 14 S.aureus ated one catheter insertion while all other insertions septicaemia cases was as follows: Group 2 (43%), occurred without any complications. Details on 95 (14%), 79 (7%), 81 (7%), 28/77/85/89 (7%), patients, catheters, and catheter periods are given in 52/52A/80u (7%) and non-typable (7%). Nasal carriage Tables 1-3. The incidence of septicaemia was 21/43 of the same phage-type as that in the blood was found (49%) in patients and 25/67 (37%) in catheters. Septicaemia was due to S.aureus in 14 of the 25 (2) related to the localization of the catheter ( Table 2 ).
Blood cultures drawn from the catheter 14/14 (100) 3/53 (6) Severe secondary complications occurred in 24% Catheter tip 12/12 (100) 1/47 (2) (5/21) of all patients with septicaemia. Two patients in only 50% of all S.aureus septicaemia cases, in 21% of the cases the patient was nasal carrier of a different phage-type, and in the remaining 29% the patient was not a nasal carrier of S.aureus. In all but one case, S.aureus septicaemia was preceded by at least one positive S.aureus culture from the skin at the insertion site. A positive S.aureus culture from the hub occurred in only three cases and all positive hub cultures were obtained on the same day as the blood sample from which S.aureus was cultured. The same phage-type as that in the blood was cultured from the catheter tip in S.aureus in one case, and in the last two cases the tip was not sent for cultivation. More than 300 colony forming units (CFU ) were cultured from the catheter related to S.aureus septicaemia. The odds ratio and 95% confidence interval (CI ) were 6 (1.2; 29.2) for tip in ten cases and 20 CFU were cultured in one case.
In the nine S.aureus septicaemia cases where peri-nasal carriage and 10.0 (1.9; 53.0) for S.aureus at the insertion site. pheral blood cultures and catheter blood cultures were obtained simultaneously, the phage-type was the same A Kaplan-Meier survival curve of S.aureus septicaemia shows that the probability of avoiding S.aureus in both blood cultures. In one case S.aureus was only found in peripheral blood, and in the remaining four septicaemia was 80% 25 days after catheter insertion, and 60% 80 days after catheter insertion (Figure 1 ). cases peripheral blood cultures were not done. All metastatic infections were caused by the same phage-The survival curves of S.aureus septicaemia according to nasal carriage of S.aureus ( Figure 2 ) and according type as that in the blood.
None of the S.aureus strains was methicillin resistant, to S.aureus at the insertion site ( Figure 3) show that S.aureus septicaemia is related to nasal carriage of and 86% of all strains were resistant to penicillin.
A logistic regression analysis of the occurrence of S.aureus and to the occurrence of S.aureus at the insertion site. However, Cox regression analysis, which S.aureus septicaemia was made on the basis of the following 10 variables: age, sex, acute or chronic takes into account that the catheters had been in place for different periods before removal, showed that only uraemia, nasal carriage of S.aureus, S.aureus at the insertion site during the time the catheter was in place, the relation between S.aureus septicaemia and S.aureus at the insertion site was statistically significant: the risk positive blood cultures of S.aureus before any clinical signs of septicaemia occurred, treatment with anti-ratio was 26, 95% CI (6.1; 110), P=0.0001. The risk ratio of S.aureus septicaemia according to nasal carbiotics at the time when the catheter was inserted, treatment with steroids at the time when the catheter riage of S.aureus was 3.3, 95% CI (0.74; 15), P=0.12.
In all, 398 blood samples were obtained routinely was inserted, steroid treatment during the time the catheter was in place, and blood transfusion during from the catheters on a weekly basis for aerobic and anaerobic culture; 100 of these cultures were positive, the catheter period. Eight catheters were excluded from the analysis-the four tunnelled catheters and four but only 27 were associated with clinical signs of septicaemia. A total of 84% of the remaining 73 catheters that were removed shortly after insertion (within one to four days). The logistic regression ana-positive catheter blood cultures were due to coagulasenegative staphylococci, 8% were due to S.aureus, lysis showed that S.aureus nasal carriage and S.aureus at the insertion site were the only independent variables 5% were due to enteric organisms (K.pneumoniae, 2 is more frequent among uraemic patients, but this did not seem to be the case in a retrospective study [3] , so perhaps the adherence of S.aureus phage-type Group 2 to plastic is better than that of other phagetypes.
An interesting finding was that 73% of all positive catheter blood cultures were from patients without any clinical signs of septicaemia, which indicates that one should not rely on these blood cultures to diagnose septicaemia but should try to obtain peripheral blood cultures when catheter-related septicaemia is suspected. This is especially the case when coagulase-negative staphylococci are cultured from the blood, as 84% of all positive blood cultures unrelated to septicaemia were due to coagulase-negative staphylococci. negative staphylococci unrelated to any clinical signs of infection in the weekly obtained catheter blood Morganella morganii, and E.faecalis), and 3% were due reflects a contamination of the catheter lumen rather to corynebacteria. Positive catheter blood cultures than a true bacteraemia. Of course, we do not know unrelated to any clinical signs of septicaemia occurred if some of these isolates do reflect a silent bacteraemia in one-third of all catheter periods.
since many of our patients may have had a reduction in their host defense reactions. To answer this question, peripheral blood cultures should have been done paral-
Discussion
lel with the weekly catheter blood cultures, but this was not done for ethical reasons (e.g. saving veins for fistulas). The incidence of septicaemia was high in this study. Several factors may have contributed to this: all, except In summary, this study indicated that a positive S.aureus culture from the insertion site was the best four catheters, were uncuffed [6, 7] and no attemps were made to eliminate nasal carriage of S.aureus way to predict dialysis catheter-related S.aureus septicaemia, whereas S.aureus nasal carrier state was of less [8] [9] [10] .
By Cox regression analysis, we found that a positive importance. It also indicated that the hub did not play an important part as portal of infection if the usual culture of S.aureus from the skin at the insertion site was the best predictor of dialysis catheter-related hygienic precautions were met. S.aureus phage-type Group 2 seemed to play a special role in catheter S.aureus septicaemia. Despite an association between nasal S.aureus carriage and S.aureus septicaemia, the related septicaemia, and one may wonder if this phagetype has a predilection for certain plastic materials. association was not statistically significant. This finding does not correspond to the findings in other studies Finally, blood cultures obtained from the catheter could not help to predict or diagnose dialysis catheter- [8, 10, 11] and may be due to the restricted number of patients and catheters in this study. In any case, culture related septicaemia, as 73% of all positive blood cultures obtained from dialysis catheters were unrelated from the insertion site seems to be the most sensitive method to predict dialysis catheter-related S.aureus to septicaemia. septicaemia. S.aureus was cultured from the hub in
